This article investigates the effect of macroeconomic conditions on the Brazilian term structure represented by the spreads of 1, 5 and 10 years term bonds. The results indicate the presence of strong nonlinearities that may compromise the effectiveness of monetary policy. On the other hand the effects of key macroeconomic variables, such as interest rate, output, inflation, and exchange rates, in normal times, on the spreads, are consistent with expectations of coherent monetary policies.
Introduction
The conduct of monetary policy is a recurring theme in studies and economic center of important theoretical divisions in the history of economic thought.
Most of the modern monetary policy models are based on the assumption that the economy presents a stable term structure. This is a key element for the coherent monetary policy based on the control of the short interest rate.
In some cases, the monetary authorities seek to create an effective and direct communication with the agents who work in the financial market, to reduce the uncertainty of its effect on interest rates for short-term and provide a clear understanding of the trajectory of interest rates short, medium and long term.
The hope is that the interest rates on short-term, which is the instrument of monetary policy, have the capacity to affect the long-term rate and thus affect aggregate demand.
It has been the case in Brazilian economy that the risk of default due to confidence and external demand shocks has raised the long term interest rate independently of monetary policy. This is noteworthy during the currency crisis of the year 1999 and election cycle expectations in the year 2002. In both cases the short run interest rates jumped substantially without much effect on the long run rates. During these events there is an indication that monetary policy was endogenous, i.e. the long term may have affected the short term and not the other way around.
The aim of this paper is to examine the role of macroeconomic variables in determining the yield curve of the Brazilian economy.
Considering that the economy has suffered considerable confidence and external demand shocks in recent decades the econometric methodology employed will consider the presence of non-linear relationships between the variables. This article is divided into four sections, besides this introduction, section 2 motivates the work showing the relationship between macroeconomic variables and interest rates in the financial market, section 3 presents the smooth transition regression model of the behavior of Brazilian interest rates and, finally, section 4 presents the main conclusions.
Relationship between macroeconomic variables and interest rates in the financial market
The study of the term structure of interest rates used to focus solely on the behavior of demand and supply of bonds in the financial market, as an example we can mention Merton (1973, p.163) and Vasicek (1977) .
A new line of research attempts to identify the macroeconomic forces that affect the movement of term structure. It analyzes, the role of the monetary authority as influencing effectively and efficiently market expectations about the present and future trajectory of interest, such as Diebold, Rudebusch and Aruoba (2006).
To clarify the statement of the preceding paragraphs, note that possible explanations for the yield curve, particularly for movements in long-term rates, have opposite implications for the conduct of monetary policy. These explanations are, on the one hand a traditional analysis of the term structure of interest centered on the risk premium and, secondly, a new chain that cares about economic conditions and their effect on the interest rate path.
The possibility of substitution between bonds with different maturities ensures arbitrage condition according to which the rate of return on these bonds is equal. This condition is called by Campbell (1995) as the pure expectations hypothesis.
Accordingly the rate of return of a bond of n periods maturity is equal to the average of current and expected rates of bonds of maturities of one period.
Where nt i corresponds to the rate of return of n periods bond, ݅ ଵ௧ is for the rate of return of a one period bond. The spread is the difference between the longterm interest rate and current short-term interest rate as follows: If the market expects the rate of return on short-term securities rise in the near future, then the long-term rate will tend to rise. The difference between the longterm rate and the short rate, i.e. the spread, can be considered as an approximation of the slope of the yield curve. This means that the slope of the yield curve depends on the behavior of short-term rates expected. The opposite occurs when it is expected that the rate of return will be reduced in the short term future.
It can be seen therefore that the role of expectations is key to determining the rate of long-term return and consequently the spread.
In addition to the average of the short term of interest there is an additional element to explain the long-term rate. The long-term bonds, as long as their face value is only available over the future, are subject to risks, such as default and inflation. Thus the yield of these bonds can embed a risk premium. This is represented as the factor ε . Hamilton and Kim (2002) , used the information of the term structure to anticipate economic cycles. Evans (1985) studied the effects of fiscal policy and showed that large deficits affect interest rates of long and short term, changing the behavior of the yield curve. In another study, Evans (1987) found that the announcement of deficit has a temporary effect on short term interest rates. 
Modeling the term structure of interest rates for the Brazilian economy
The models of the term structure exhibit nonlinearity as shown by Tabak and Andrade (2001) . The objective of this work differs, however, and it is not to estimate the yield curve model but assess the importance of the macroeconomic variables in the term structure represented by the spread. 1 Interest rate is controlled by Banco Central do Brasil.
The first aspect that can be observed in the behavior of the spread in the Brazilian economy is the presence of substantial and rapid changes in the term structure. Thus, the Brazilian economy displays some characteristics that may indicate the presence of non-linearity (regime change) in the term structure.
The model used is based on the idea of "threshold", the dependent variable is a function of the independent variables in a peculiar way: the dependent variable is described by a linear process to a certain threshold, from which the coefficient of the variables changes.
The "threshold" approach is based on Hansen (2000) , which provided the possibility to split the sample and use an indicator function with observable variables. The "threshold" variable has its use linked to the division of the sample into subgroups that can be considered as classes or arrangements of economic policy. 
Where γ > 0 is a constraint for identification.
The estimated model for the Brazilian economy follows the equation (1) where Similarly to the linear models, in STR have to reduce their size by elimination of redundant variables in
Estimation of the Smooth Threshold Model -STR
The database used contains monthly data for the period August 1997 to The specification began with a linear model suggested by Diebold et al (2006) including two additional variables, the exchange rate (Dollar), which accounts for the Brazilian dependence on foreign trade, and the so called Brazil Risk (RBrazil) as proxy for dependence on international capital. RBrazil is the level of country risk measured by the EMBI + Brazil 2 , the higher is the price index of this bundle of assets the higher is the risk perception by the international financial market of the directions of the Brazilian economy.
The specification of the models was parsimonious, considered the problems of autocorrelation and heteroscedasticity in residuals, and obeyed the minimization of the Akaike information criterion (AIC), Schwarz (SC) and
Hannah-Quinn (HQ).
Using the usual tests for unit root in particular the DF-GLS test of Elliott, Rothenberg and Stock, the existence of unit root was rejected for all variables except the nominal exchange rate, Brazil Risk and the rate of inflation measured by IPCA. These variables, that presented unit root, were considered in first differences. The next step is to apply econometric tests that seek to ensure the correct specification of the model. Accordingly, the first step is to test for the existence or non-linearity of the estimated model. If linearity is rejected, the choice is the correct value K (K = 1 or K = 2). Table 1 indicates that the model is non-linear and corresponds to the smooth logistic regression model LSTR1 with transition variable defined as the RBrazil. 2 The EMBI + Brazil measure the price movement of securities from one day to the other. Its unit is the base point, i.e. 500 basis points imply that Brazilian bonds pay 5% more than the U.S., considering periodic interest payments, purchase price, redemption value and the time remaining until maturity obligations, is used by domestic and international investors
The grid was calculated, indicating the value of the variable range that represents the type of gradient vector and the location represented by the variable c1 whose results are detailed in Table 2 . Having the specification of the model, in the case LSTR1, the transition variable RBrazil, the variable grid that is c {-711.00, 813.00, 30} and the function that corresponds to the range {0, 50, 10,00, 30}, it is possible to run the estimation algorithms and, through an iterative process, to estimate the nonlinear model to evaluate the behavior of the yield curve.
The tests for heteroscedasticity and autocorrelation of the residuals are shown in Tables 3 and 4. The test for absence of autocorrelation corresponds to the applied test used by Teräsvirta (1998) and corresponds to a special case of the general test Godfrey (1988) . The procedure corresponds to regress the estimated residuals on the lagged ones and on the partial derivatives of the log -likelihood function with respect to the parameters of the model. The detailed results, in Table 3, show the null hypothesis of no autocorrelation of the estimated residuals of the models for spreads of 1, 5 and 10 years. The test of Heteroscedasticity corresponds to the ARCH-LM test that represents a similar statistics to that described by Doornik and Hendry (1997) , centered on a multivariate LM statistics. Table 4 shows that the null hypothesis of homoscedasticity of the residuals was not rejected for models estimated for terms of 1 and 10 years. For the term of five years, there is some probability of incurring in this type of problem. The version of the STR model estimated is a generalization of the standard autoregressive model where the autoregressive coefficient is a logistic function, where ( ) Table 5 
Main Results of the Econometric Experiment
The estimation of the spread of the term structure of interest rates support the analyzed (1, 5 and 10 years), as can be seen in the linear part of the estimates described in Table 5 . The coefficient reduces by half when the term goes from 1 to 5 and 10 years, being 1.34, 0.77 and 0.72 respectively. It means that the memory of short term maturity (1 year) tends to increase volatility while longer term maturities (5 and 10 years) tend to smooth the spreads. 
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and may even become positive in the periods that the Brazil risk exceeds the threshold. This may indicate that agents expect the Selic rate will continue increasing in the future to circumvent the impact of shocks.
The exchange rate (U.S. dollars) had the expected positive sign, indicative of improved export competitiveness or devaluation involving a tightening of liquidity, both indicating increased rate of long-term (increased interest rate of short-expected term).
The analysis of the inflation rate is important because it is associated with the influence the yield curve through the inflation risk premium. The expected result of a positive effect is observed, but for longer terms the effect is reduced 
Conclusion
The study of the term structure of interest rates and the behavior of the term spread, the difference between long-term rates minus the short term, has puzzled monetary policy researchers, because not always is the expected effect of the actions of the monetary authority on long rates prevailing in the financial market.
The presence of strong nonlinearity in the term structure largely explains the pitfalls of monetary policy. That is, the lack of effectiveness of this policy in certain periods, particularly in those with non-linear behavior.
The positive correlation of inflation with the spread, is coherent with growing uncertainty, but also seems to indicate that the financial community believes in the monetary policy of the Central Bank. The same happened with the rate of capacity utilization and exchange rate.
Last but not least it is possible to consider that inflation rate, capacity utilization and exchange rate could be taken as proxies for the future expansionary cycles and in that sense the spread could be considered as a predictive factor of future expansion. This, however, shall be object of a new research.
Therefore, the Brazilian economic policymakers must watch the movements of the yield curve and analyze the information frequently, to guide the analysis and actions to be taken, to interfere in a beneficial way on the trajectory of the Brazilian economy.
